Objective: The aim of the present study is to show the predictive value of the preoperative resting pressure of the lower esophageal sphincter (LES) correlated with the type of fundoplication (Nissen or Dor) after Heller myotomy in our series.
Introduction
Although esophageal achalasia is a rare disease, many studies have been published about its symptoms, therapeutic options, etiology, predictive factors, and other topics.
Because of its rarity, few centers have samples that are adequate for performing significant statistical analysis, and therefore the most authoritative studies of this topic are multi-center in nature.
Our center has nearly twenty years of experience in the laparoscopic surgical treatment of esophageal achalasia, but unfortunately many data were lost or were never collected. Nevertheless, it has been our constant effort to compare our work with the medical literature and therefore we revised our available data to report our experience of the correlation between the predictive value of the preoperative resting pressure of the lower esophageal sphincter (PRPLES) and the type of fundoplication (Nissen or Dor).
Materials and Methods
The present research was conducted according to the principles of the World Medical Association Declaration of Helsinki "Ethical Principles for Medical Research Involving Human Subjects", (amended in October 2013), and, all patients signed an informed consent to surgery.
From January 1998 to June 2010, 88 patients affected by esophageal achalasia underwent surgery at the Unit of Surgery of the IRCCS Casa Sollievo della Sofferenza Hospital of San Giovanni Rotondo (FG). However, our study will focus on a smaller sample, because complete preoperative and postoperative clinical data were available for only 36 of these patients.
Among our 36 studied patients, 14 were operated on between 1998 and 2004 and underwent laparoscopic Heller myotomy plus Nissen (total) fundoplication (group N), whereas 22 patients were operated on between 2004 and 2010 and underwent laparoscopic Heller myotomy plus Dor hemifundoplication (group D).
Clinical and instrumental evaluation was performed before and after surgery.
Clinical evaluation was performed using a modified DeMeester symptom scoring system, which consisted of the assessment of three symptoms: dysphagia, regurgitation, and heartburn (Table 1) [1, 2].
To each symptom was assigned a score from 0 to 3, depending on its severity, and the reduction in the severity of each symptom after surgery was assessed.
The instrumental study consisted of upper gastrointestinal barium meal, esophagogastroduodenoscopy, esophageal stationary manometry, and pH monitoring.
Follow-up was performed at our outpatient clinic. One month after surgery, and then every year, the patients were invited to undergo clinical and instrumental follow-up and were reassessed according to the DeMeester symptom scoring system. Some patients did not return to our hospital (because they live far away); these were contacted by telephone, asked about their health conditions, and assessed according to the DeMeester symptom scoring system. Statistical analysis was performed by dividing the patients into groups according to the criteria described in the following sections and studying the values of PRPLES and the dysphagia symptom scores with Student' s t-test. Table 2 shows the clinical data of all patients. There were no significant preoperative differences between the patients in the two groups (N and D) in either the severity of symptoms (p=0. 4) or the values of PRPLES (p=0.22). The period of follow-up was 67 months (9-144).
Results

Assessment of improvement in dysphagia symptom
The aim of the present section is to show the effectiveness of surgical treatment and the difference between Dor fundoplication and Nissen fundoplication.
The preoperative overall mean score for the dysphagia symptom was 2.80 (range: 2-3), the postoperative overall mean score was 1.22 (range: 0-3), and the overall mean difference was 1.58 (range: 0-3).
The overall difference in the score between the preoperative and postoperative situations was assessed by Student' s t-test and was shown to be significant (p<0.0001); therefore, the surgical treatment is considered to be effective.
In group D, the preoperative mean score for the dysphagia symptom was 2.81 (range: 2-3), the postoperative mean score was 0.77 (range: 0-2), and the mean difference was 2.04 (range: 1-3).
The difference in the score between the preoperative and postoperative situations was assessed by Student' s t-test and was shown to be significant (p<0.0001); therefore, the Dor treatment is considered to be effective.
In group N, the preoperative mean score for the dysphagia symptom was 2.78 (range: 2-3), the postoperative mean score was 1.93 (range: 1-3), and the mean difference was 0.85 (range: 0-2).
The difference in the score between the preoperative and postoperative situations was assessed by Student' s t-test and was shown to be significant (p=0.00011); therefore, the Nissen treatment is considered to be effective.
The Nissen treatment reduced the average preoperative score by 0.85 points, but the Dor treatment reduced the average preoperative score by 2.04 points. This difference was significant (p<0.0001) and therefore the Dor treatment was shown to be more effective than the Nissen treatment. 
Assessment of PRPLES and its predictive value
The aim of the present section is to show that the PRPLES is a preoperative predictor of improvement in the dysphagia symptom both before Dor fundoplication and before Nissen fundoplication.
The average overall value of PRPLES was 36.62 mmHg (range: 12-74); in group D the average value of PRPLES was 38.3 mmHg (range: 12-74), and in group N it was 33.9 mmHg (range: 13-57).
Four groups of patients (G0, G1, G2, and G3) were created according to the reduction in their dysphagia score after surgery from 0 to 3 ( Table 3) .
The values of PRPLES were compared by Student' s t-test, and it was found that patients in group G3 (i.e., those who experienced a greater improvement in their dysphagia symptom, because their score decreased by 3 points) had an average PRPLES that was significantly higher than those in the other groups (p=0.03; p=0.01; p=0.003; p=0.001) ( Table 4 ).
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In contrast, in group N, reductions ranging from 0 to 2 were recorded and three groups were created, namely, NG0, NG1, and NG2 (Table  3 ). The PRPLES values of NG2 were significantly higher than those of NG0 alone (p=0.03) ( Table 4) .
To sum up, regardless of the type of fundoplication (Nissen or Dor), the greater was the value of PRPLES, the greater was the probability of obtaining a better improvement in dysphagia after surgical treatment (Figure 1 ).
Observations
Our experience showed that the PRPLES is predictive of the resolution of, or improvement in, the dysphagia symptom in both types of fundoplication. Dor treatment was shown to be more effective than Nissen treatment (p<0.0001); therefore, the type of fundoplication has an impact on the predictive power of PRPLES.
Discussion
Achalasia is a primary disorder of esophageal motility with consequent loss of esophageal peristalsis and impaired or failed relaxation of the lower esophageal sphincter (LES) during swallowing [1, 3] .
It presents typically with dysphagia, regurgitation of undigested food, heartburn mimicking gastroesophageal reflux, severe weight loss, unexplained chest pain, and cough, with or without recurrent pneumonia. All these symptoms can often become very debilitating and the quality of life can be negatively affected [1] . Even if the etiopathogenesis of achalasia is not yet explained, it can be defined as a neurodegenerative disorder of the muscles of the esophageal body and LES, which is due to an idiopathic and irreversible loss of postganglionic inhibitory neurons in Auerbach' s myenteric plexus [4, 5] .
The degenerating neurons and ganglia are often surrounded by lymphocytes and eosinophils; therefore, an autoimmune hypothesis has been formulated [5] [6] [7] .
Instrumental diagnosis is carried out by upper gastrointestinal barium meal, esophagogastroduodenoscopy, esophageal pH monitoring, and esophageal manometry [1, 2, 8] .
Typical findings are dilatation of the esophagus, narrowing of the gastroesophageal junction, an absence of esophageal peristalsis, and a hypertensive LES that fails to completely relax during swallowing [1, 2] .
No therapy can restore peristalsis; therefore, every therapeutic approach involves the elimination of the hypertensive tone of the LES to allow the passage of a bolus into the stomach. The first-line treatment is still debated in the medical community: some authors prefer pneumatic endoscopic dilatation, others the endoscopic injection of botulinum toxin, and yet others surgery [1, 2, [9] [10] [11] [12] [13] [14] .
A recent and innovative approach is peroral endoscopic myotomy (POEM), which is a viable alternative to the standard surgical treatment, namely, Heller myotomy. POEM is particularly useful in patients in whom abdominal surgery could be very complex, such as obese patients or patients with a previous history of abdominal operations. This method must be approved via long-term studies [12] .
The surgical approach consists of laparoscopic Heller myotomy with fundoplication, and conflicting opinions persist about the choice between partial fundoplication (Dor/Toupet) and the complete procedure (Nissen).
The most frequent postoperative complications are the recurrence of dysphagia and gastroesophageal reflux; the former is due to an incomplete myotomy, a fundoplication that is too tight, or a tight scar stricture, whereas the latter is due to an inefficient antireflux fundoplication [1, [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] .
In the medical literature the debate remains open about predictors of the outcome of surgical treatment, among which are the resting pressure of the LES (PRPLES), the severity of preoperative symptoms, the preoperative duration of symptoms, a sigmoid esophagus, previous endoscopic treatments, the diameter of the esophagus, amotility of the esophagus, and the nadir relaxation pressure of the LES [10, [26] [27] [28] [29] .
The PRPLES is demonstrated to be a reliable predictor of the resolution of dysphagia: a high PRPLES predicts a high probability of an improvement in dysphagia; conversely, a low PRPLES has an adverse impact on the success of surgery [20, 27, 29] .
Among preoperative symptoms, the severity of preoperative dysphagia was demonstrated to have a positive association with the probability of poor outcomes [26] [27] [28] .
The last two considerations do not conflict, because more severe preoperative dysphagia is not always associated with a higher PRPLES or poor relaxation of the LES [26] .
A longer duration of symptoms and a sigmoid esophagus were demonstrated to increase the treatment failure rate. These two situations may be closely related, because a sigmoid esophagus appears after many years of illness [20] .
Preoperative endoscopic treatment, esophageal dilatation, and amotile achalasia may predict greater chances of a poor outcome [20, 28, 30] .
Furthermore, normalization of the nadir relaxation pressure of the LES is found to be a predictive factor for the recovery of esophageal peristalsis and therefore for the success of treatment [10] .
The present study is an analysis of the predictive value of PRPLES in our series and has the distinction of being able to determine this for two different surgical techniques performed at the same center.
In fact, the analyzed data relate to our first 12 years of experience (1998-2010): from 1998 to 2004 we performed Nissen fundoplication after myotomy and then from 2004 we started to perform Dor fundoplication. This period (1998-2010) was chosen because in this way the sample of patients is homogeneous over the duration of our experience, i.e., 6 years of Dor fundoplication and 6 years of Nissen fundoplication, and also substantially even in number (22 Dor and 14 Nissen).
The predictive value of PRPLES has already been demonstrated and discussed in the medical literature; therefore, our study deepens and adds a new facet to existing knowledge: how it is influenced by the type of fundoplication.
Our experience confirmed the predictive value of PRPLES for both Nissen and Dor fundoplica- (2) If the p-value is not significant, this means that the two groups are similar in relation to the PRPLES (3) If the value of p is significant, this means that the two groups are different in relation to the PRPLES, and on comparing these data to the changes in the dysphagia score between the situations before and after surgery it is observed that the greater was the value of PRPLES, the better was the clinical benefit, regardless of the type of fundoplication (Nissen or Dor)
tion, and found that its predictive power was affected by the type of fundoplication, because the Dor technique yielded better results, and there were no significant preoperative differences between patients in two groups operated on in the same center and by the same team.
